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Abstract
Two feeding patterns of the segregated weaning or grazing in the pasture are carried out worldwide in animal production. 
To investigate the difference of growth performance and rumen microorganism population related to methane metabolism 
in the two feeding patterns, three groups of lambs (70 in total) were used: Weaning at 21 days old and being subjected to 
high-concentration diets (3WK group with 20 lambs), weaning at 35 days old and being subjected to high-concentration 
diets (5WK group with 20 lambs), or grazing at pasture with the nursing mother (Grazing group with 30 lambs).  The growth 
performance, pH value of rumen content, and the rumen microbes were investigated during weaning period and fatten-
ing period with approximately 3 months.  Our results showed that lambs in 3WK and 5WK groups demonstrated a better 
growth performance than the lambs in Grazing group, but no significant difference was observed in the pH value between 
the three groups (P>0.05).  The total rumen bacterial population of the Grazing lambs was significantly lower than that of 
3WK lambs (P<0.05) and 5WK lambs (P<0.05); however, the population of methanogens was 4.2- and 2.7-fold lower in the 
3WK (P<0.05) and 5WK (P<0.05) lambs compared with Grazing lambs, respectively; protozoa were also 3.5- and 3.4-fold 
lower in the 3WK (P<0.05) and 5WK (P<0.05) lambs, respectively.  The results revealed that segregated weaning lambs 
may have better growth performance, and reduce methane-producing microbes.  
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in recent years, due to the climate changes observed world-
wide, greenhouse gas emissions, particularly, methane from 
ruminants, which accounts for 9–18% of anthropogenic 
emissions, have gained increased attention.  In addition, 
methane production represents a loss of between 2 and 12% 
of the gross energy intake (Johnson and Johnson 1995), 
which may also result in energy waste.  Thus, a variety 
of nutritional management strategies to reduce methane 
production in ruminants have been studied by changing the 
feeding patterns, altering the diet components or adding 
additives (Abecia et al. 2011).  Martin et al. (2010) demon-
strated that methane emissions may decrease by reducing 
the transfer of hydrogen from protozoa to methanogens 
when animals were fed high-starch diets.  The increasing 
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1. Introduction
Ruminants and humans have shared a long history.  Much 
of our meat and virtually all of our milk are produced by 
domestic ruminants (Russell and Rychlik 2001).  However, 
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level of grain in diet had also been shown to reduce the 
proportion of dietary energy converting to methane, which 
was mainly due to changes in the fermented substrate from 
fibre to starch (Blaxter and Clapperton 1965).  Currently, 
two feeding patterns of the segregated weaning or grazing 
with nursing mother in the pasture are performed worldwide 
in sheep production, but the differences in microorganism 
associated with potential methane emission in two patterns 
are not yet fully understood.  Thus, the objective of this study 
was to investigate the changes of protozoa populations, and 
methanogen populations with quantitative real-time PCR 
(qPCR) technology in weaning and grazing lambs.
2. Results
2.1. Feed intake, growth performance and pH value 
of rumen fluid 
In current experiment, three groups of lambs (70 in total) 
were used: Weaning at 21 days old and being subjected to
high-concentration diets (3WK group with 20 lambs), wean-
ing at 35 days old and being subjected to high-concentration
diets (5WK group with 20 lambs), or grazing at pasture 
with the nursing mother (Grazing group with 30 lambs). 
The average intake of the milk replacer was 219 and 260 g 
d–1 for the 3WK and 5WK groups, respectively.  The grass 
meal intake slightly changed during the experiments, and 
the average intake was 65 and 80 g d–1 for the 3WK and 
5WK groups, respectively.  However, the concentrate sup-
plement intake increased during the experiments (Fig. 1), 
and the intake of the 5WK group was higher compared to 
that of 3WK group.
The initial body weight (BW) of 3WK, 5WK and Grazing 
groups were (5.96±0.24), (10.47±0.94), and (11.52±0.54) kg, 
respectively, and the BW of the Grazing group was higher 
compared to those of the 3WK group (P<0.05) and 5WK 
group (P>0.05).  At the end of our experiment, the BW of the 
3WK, 5WK and Grazing group lambs reached (27.25±1.11), 
(35.94±1.05), and (26.19±1.08) kg, respectively, and Graz-
ing group was lower compared to 3WK group (P>0.05) and 
5WK group (P<0.05) (Fig. 2).
The pH values of the rumen fluid of the 3WK, 5WK, 
and Grazing groups were (6.36±0.04), (25±0.02), and 
(6.32±0.12), respectively, and no significant difference was 
observed between the three groups (P>0.05, Fig. 3).
2.2. Quantification of ruminal microorganisms
After DNA extraction, the ruminal microorganisms of the 
three groups were monitored, and the qPCR results were 
summarized in Fig. 4.  The results revealed that the total 
bacterial population in the grazing lambs was 7.87×1010 
copies mL–1 of rumen fluid, which was significantly lower 
than those in the 3WK lambs (1.25×1011, P<0.05) and 5WK 
lambs (1.42×1011, P<0.05).  However, an opposite trend 
was observed for methanogen and protozoa population 
between 3WK, 5WK and Grazing groups.  The methanogen 
population of 3WK and 5WK groups were 1.11×108 and 
1.69×108 copies mL–1, respectively, which were 4.2 and 2.7 
times lower than that of Grazing group (4.62×108, P<0.05). 
Protozoa were considered to have a symbiotic relationship 
with methanogens, and the quantity observed was also 
3.5- and 3.4-fold lower in the 3WK lambs (P<0.05) and 5WK 
(P<0.05) lambs, respectively.  
Fig. 1  Concentrate intake of the 3WK and 5WK groups were shown, respectively.  The beginning of the experiment was defined 
as day 0, and stage A represents the period of food shifting.  Stage B is the weaning period with milk replacer, grass meal, and 
concentrate I, and stage C is the fattening period with grass meal and concentrate II.  Concentrates I and II are shown in Table 1.
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3. Discussion
3.1. Feed intake, growth performance and pH value 
of rumen fluid 
The consumed ingredients can influence the homeostasis 
and microbial composition of rumen, nutrition achievement, 
and finally growth performance (Russell and Rychlik 2001; 
Tajima et al. 2001; NRC 2007; Fernando et al. 2010).  Rumi-
nants can choose what to consume based on their require-
ments and the ingredient quality (NRC 2007).  In current 
study, we found that the grass meal was nearly constant with 
a low level of intake in current experiment, meaning that the 
lambs preferred the concentrate when different ingredients 
were free accessible, the over intake of concentrate diet or 
starch may induce a rapidly fermentation in rumen, induce 
the change of rumen conditions and endangere the home-
ostasis of rumen (Fernando et al. 2010), thus procedures 
should be taken care in feedlot sheep raising to prevent the 
potential danger of acidosis.  The body weight of lambs in 
3WK group was lower than that of lambs in Grazing group 
at beginning but increased to a similar weight at the end of 
the experiment, indicating that segregated weaning lambs 
achieved a better growth performance due to their higher 
nutrient intake.  
The pH values of rumen fluid decreased as the concen-
tration of dietary starch increased, because the shift from 
roughage to a high-grain diet was accompanied by a number 
of changes in the chemical composition of the rumen fluid, 
which can result in the development of subacute acidosis 
(Tajima et al. 2000).  However, when the ruminal pH is 
higher than 5.5 with a high-grain diet, lactic acid does not 
accumulate in the rumen (Nocek 1997), and if the dietary 
shift is gradual, some bacteria can convert lactic acid to 
acetate and propionate, thus, the ruminal pH is not as se-
verely affected, and the ruminal ecology is not dramatically 
altered (Russell and Rychlik 2001).  Palmonari et al. (2009) 
also observed that the ruminal pH typically decreased after 
feeding for a few hours but subsequently increased due to 
the volatile fatty acid (VFA) removal, rumination, and sali-
vation.  In our study, no significant difference of pH values 
was observed which maybe because the preliminary exper-
iments were performed before feed shift, and the pH value 
was measured after long-term adaptation.  These results 
indicated that the lambs have a better adaptation with the 
high-concentrate diet.  
Fig. 2  Body weight changes in the three groups of lambs during the experimental period.  Body weights were shown as means±SEM, 
and different letters on the same day indicate a significant difference at P<0.05, as determined by Tukey analysis.
Fig. 3  The pH values of the 3WK, 5WK, and Grazing groups. 
The pH values are shown on the y-axis.  The boxes represent 
the interquartile ranges (IQRs) between the first and third 
quartiles (25th and 75th percentiles, respectively), and the 
horizontal lines inside the boxes define the medians.  The dots 
inside the boxes represent the mean.  The whiskers represent 
the lowest and highest values within 1.5 times the IQR from 
the first and third quartiles, and the stars denote the lowest and 
highest values, respectively. 
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3.2. Populations of ruminal microorganisms
The microbial community inhabiting the rumen is extremely 
diverse, and live in a symbiotic relationship and functional 
interact with the host, playing an important role in main-
taining a stable intra-ruminal environment, and bacteria 
ecosystem (Kamra 2005).  Our study showed that the total 
eubacteria of weaning lambs fed a high-concentrate diet 
was significantly higher than that of grazing lambs, which 
indicated that lambs segregated weaning with balanced diet 
were helpful to promote bacterial growth and the ecological 
stability of the rumen.
Rumen ciliated protozoa can serve as hosts for meth-
anogens and are metabolically very active to affect the fer-
mentation of feeds and other rumen microbial populations, 
and then to change the amount and proportion of the end 
products from rumen fermentation (Williams and Coleman 
1992; Eugene 2004).  With a meta-analysis of published 
data, Morgavi et al. (2010) summarized that the removal of 
protozoa from the rumen resulted in a 10.5% decrease in 
methane emission.  Lettat et al. (2012) also revealed that 
decreased protozoa can be linked to less CH4 production. 
Thus, to environmental and nutritional concern, dietary 
strategies have been suggested to attenuate CH4 emissions 
from ruminants (Martin et al. 2010).  Martin et al. (2010) 
stated that the number of rumen protozoa decreased in 
ruminants fed high-starch diets, which reduces the transfer 
of hydrogen from protozoa to methanogens.  Holden et al. 
(1994) proposed that the number of protozoa in the rumen 
was higher in cows at pasture compared to that offered 
hay or grass silage-based diets.  In the present study, with 
long-term adaptation and free access to concentrate and 
roughage, we determined that the protozoa populations and 
methanogen populations in rumen fluid as an approximately 
3–4-fold decrease, which indicated that segregated weaning 
lambs with a high-concentration diet may be helpful for re-
ducing potential methane emissions compared with grazing 
lambs.  However, additional studies based on modern mo-
lecular techniques are still required to provide further insight 
into the mechanisms of the rumen microorganism change.
4. Conclusion
With proper adaptation to milk replacer and concentrate, 
segregated weaning lambs may have better growth perfor-
mance, the balanced artificial diet were helpful to promote 
bacterial growth and the ecological stability of the rumen 
and reduce methane-producing microbes.
5. Materials and methods
5.1. Animal feeding and experimental design
This experiment was performed in Chifeng, Inner Mongolia, 
China, from June to August, 2013.  70 lambs were used 
which consisted of 20 lambs of 21 days old (3WK group, 
(5.96±0.24) kg body weight (BW)) and 50 lambs of 35 days 
old ((10.99±0.74) kg BW).  The lambs at 35 days old were 
randomly assigned to two groups with 20 lambs (5WK group) 
and 30 lambs (Grazing group) in each group respectively. 
The lambs in Grazing group were grazed on pasture and 
nursed by mother sheep; the lambs in 3WK and 5WK groups 
were weaned at 21 days old and 35 days old respectively 
and confined to steel pens (3 m×4 m).  The segregated 
weaning lambs (3WK and 5WK groups) were performed in 
two periods: weaning stage and fattening stage.  During the 
Fig. 4  Quantitative real-time PCR (qPCR)-based population and population changes of total bacteria, methanogens, and protozoa 
in the three groups using a bar plot.  The bars with different letters are significantly different at P<0.05, as determined by Duncan 
analysis.  The changes in populations are shown as fold changes compared to the population of grazing lambs in the box at the 
top right corner.
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weaning stage, the weaned lambs were fed a milk replacer of 
2% BW (Jingzhun, Beijing, China) twice per day at 0600 and 
1800 h and had free access to concentrate supplements, 
grass meal and water, while at the fattening stage, the lambs 
were also fed twice per day with concentrated supplements, 
grass meal, and water.  The grazing lambs (Grazing group) 
were raised on pasture with nursing mothers and got free 
access to grass and water.
The milk replacer is mainly consisted of whey powder, 
extruded soybean meal, and additives, which contained 
94% dry matter (DM), 23% crude protein (CP), 12% ether 
extract, 1.26% calcium, 0.71% phosphorus, 2.2% lysine, 
and 1.0% methionine.  The concentrated supplements were 
formulated as pelleted mixed diets of two types (Table 1): 
concentrate I for the weaning lambs and concentrate II for 
the fattening lambs.  Grass meal was obtained from the 
pasture and contained 92.04% DM, 19.15 MJ kg–1 gross 
energy, and 4.11% CP.  
The beginning day of the experiment was defined as 
day 0 and all the lambs from 3WK or 5WK groups were 
weaned and separated with nursing mother.  After 8 days 
of adaptation to the milk replacer, the experiments began 
at day 9 and lasted 35 days during the weaning stage, and 
then after 10 days of adaptation to concentrate II, the milk 
replacer was removed to begin the fattening stage at day 
54 and lasted for 35 days.  The amount of feed provided 
and refused were weighed to calculate the feed intake, and 
the samples were collected and frozen (–20°C) daily for 
chemical analysis.  Each lamb was weighted before morning 
feeding at the beginning, during the feeding procedure shift, 
and at the end of the experiments.
5.2. Rumen fluid pH measurement and sampling
In the last day of experiment, five lambs from the 3WK and 
5WK groups and nine lambs from Grazing group were ran-
domly selected to slaughter before morning feeding.  Then, 
the rumen contents were collected for analysis of pH and 
rumen microbes.  After determining the pH of the rumen 
content samples with Testo 205 (German), the rumen fluid 
samples were squeezed through four layers of cheesecloth, 
snap-frozen in liquid nitrogen, and then stored at –80°C until 
DNA extraction.
5.3. DNA extraction and PCR amplification
Genomic DNA (gDNA) was extracted from 1.5 mL of ruminal 
fluid using a repeated bead beating method followed by 
phenol-chloroform extraction (Zhu et al. 2003; Dong 2013). 
The DNA was then precipitated with ethanol, and the pellets 
were resuspended in 70 μL of TE.  The DNA concentrations 
were measured at 260 nm using a spectrophotometer 
(NanoDrop ND-1000, Wilmington, DE, USA), and the gDNA 
used in current experiment demonstrated an OD260/OD280 
ratio greater than 1.8.
The primers of bacteria, methanogens, and protozoa are 
listed in Table 2.  Conventional PCR was performed using a 
thermal cycle (Perkin-Elmer 480, Norwalk, VA, USA).  The 
samples were amplified in a 50-μL PCR mixture containing 
5 μL of 10× PCR buffer, 4 μL of dNTP mixture (0.2 μmol 
each), 1 U of Taq DNA polymerase (TaKaRa, Dalian, China), 
0.4 μmol of each primer, and 2 μL of genomic DNA.  The 
amplification conditions were as follows: denaturation at 
95°C for 5 min, 35 cycles of denaturation at 95°C for 30 s, 
annealing at 60°C for 30 s, and extension at 72°C for 30 s, 
and an extension phase of 72°C for 10 min.  After amplifica-
tion, 5 μL of each sample was analysed by electrophoresis 
on a 1.0% agarose gel (w/v) containing ethidium bromide 
to determine the size of the PCR products.
5.4. Quantitative real-time PCR
Extracted DNA from samples and recombinant plasmids 
were run on an Mx3000P quantitative real-time PCR in-
strument (Stratagene, USA).  As reported by Dong (2013) 
and Singh (2014), the protocol of quantitative PCR was 
performed as follows: For each reaction, 1 μL of template 
Table 1  Ingredients and nutrient composition of the experimental 
diets
Items Concentrate I Concentrate II
Feed ingredient (%)
Cracked corn 47.0 50.0
Soybean meal 29.0 25.0
Glucose 5.0 –
Wheat bran 15.0 18.0
Limestone 1.4 1.4
Dicalcium phosphate 0.8 0.8
Salt 0.6 0.6
Lysine 0.2 –
Bentonite – 1.5
Mildew preventive – 1.5
Mineral/Vitamin premix1) 1.0 1.0
Chemical composition
Dry matter (DM, % 
as-fed)
88.06 87.77
Crude protein (CP, % 
of DM)
18.40 16.78
ME (MJ kg–1)2) 12.70 13.27
Lys (% of DM) 1.10 0.96
Met (% of DM) 0.28 0.26
Ca (% of DM) 0.86 0.95
P (% of DM) 0.59 0.62
1) The mineral/vitamin premix provided the following nutrients per 
kg of the diet: 15 000 IU VA, 5 000 IU VD, 50 mg VE, 3.2 g Na, 9.2 
g K, 2.3 g Mg, 90 mg Fe, 12.5 mg Cu, 50 mg Mn, 0.3 mg Se, 0.8 
mg I, and 0.5 mg Co.
2) Metabolic energy (ME) values were estimated according to the 
NRC (2007).
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DNA extracted from rumen microorganisms was mixed with 
10 μL of 2× SG Green qPCR Mix and a pair of corresponding 
primers with a final concentration of 10 μmol L–1 each in a 
total volume of 20 μL, and the mixture was briefly centri-
fuged.  The mixture was equally transferred into a 96-well 
PCR plate.  Recombinant plasmids with a serial dilution 
from 10–1 to 10–9 were used instead of the DNA template 
to establish the standard curve in each plate run.  Each 
sample was plated in triplicate for the PCR reaction.  An 
amplification program was performed with an initial thermal 
denaturing step of 95°C for 10 min followed by 45 cycles of 
denaturation at 95°C for 20 s and annealing at 60°C for 30 s 
to collect the fluorescent signals.  After the amplification 
was completed, the Mx3000P software program was used 
to obtain a value for each reaction based on the standard 
curve values.  Finally, the total number of copies of the 
bacterial 16S rDNA gene in each sample was determined 
in triplicate, and the mean values were calculated.
5.5. Statistical analysis
The statistical analyse was performed using SAS 8.1 (SAS 
Inst. Inc., Cary, USA).  Observations of body weight were 
analysed using MIXED model and the means in each group 
were compared with Tukey test at P=0.05.  The pH values 
and bacteria copies were analysed using generalized lin-
ear model (GLM), and the means were compared using 
the Duncan test at P=0.05.  Assumptions of the model 
for homoscedasticity, independency, and normality of the 
errors were examined by plotting the residuals against the 
predicted values.
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